Abstract Homebound older adults are more likely than their ambulatory peers to suffer from depression.
Introduction
Despite projections that overall disability rates in later life will continue to decline [1, 2] , the rapid growth of the olderadult population is likely to increase the number of homebound older adults who require in-home support services for their physical, functional, and mental health needs. According to the 2011 U.S. Census data, of 40 million noninstitutionalized adults age 65 years and older, 9.2 million (23.5 %) had ambulatory disability and 6.2 million (15.8 %) had independent living disability [3] . In calendar year 2010, the Medicare home health care program served just fewer than 3 million older adults and paid out $16.8 billion ($5,669 per person) for their home health services, and the Medicare skilled nursing facility services served 2.3 million older adults and paid out $25.1 billion ($10,866 per admission) [4] . Home-based care tends to be less costly than institutional care. However, given many older adults' strong preference for aging in place [5] , the demand for homebased care for the chronic physical and mental health problems of the growing numbers of homebound older adults will continue to increase, requiring innovative and costeffective solutions for this significant public health need.
Epidemiologic and other community-based studies over the past two decades consistently found that older adults who were homebound due to chronic illness and disability suffered from major depressive disorder (MDD) or clinically significant depressive symptoms at a rate two to three times higher than that of their ambulatory peers [6] [7] [8] [9] [10] . In one study, 13 % of homebound older-adult respondents reported suicidal ideation [10] , and in other studies, almost half of homebound older adults with MDD reported symptoms of suicidal ideation, including 6 % who were actively suicidal [11, 12] . Both persistent and new-onset disability increase the risk for depression [13] , and among low-income homebound older adults, social isolation and financial worries/ hardship were also found to be depression risk factors [7, 14] . Subsyndromal depressive symptoms are more common than major or minor depression among homebound and other community-dwelling older adults, but they, like MDD, are associated with significantly increased functional and psychosocial impairments and may represent a common and integral part of the long-term course of MDD [15] [16] [17] [18] . Regardless of its severity, untreated late-life depression has serious negative health effects, which in turn results in higher rates of healthcare service utilization, premature institutionalization, and mortality [19, 20] .
Antidepressant medication use among older adults has significantly increased in recent years [21] . A significant proportion of depressed homebound older adults take antidepressant medications (e.g., from 11.5 % in 2000 to 39.5 % in 2007 regardless of diagnosis) [22] , mostly prescribed by their primary care physicians; however, many have limited response to medication alone and remain symptomatic, due in part to subtherapeutic dosing, inadequate monitoring by the clinicians, and poor patient adherence [23] [24] [25] . Thus, despite rapid increase in the proportion of homebound older adults being prescribed antidepressants, depression remains insufficiently treated and persistent in the majority of these seniors.
Most depressed homebound older adults prefer psychotherapy to pharmacotherapy [26, 27] , perhaps because only the former can teach skills to cope with their multiple chronic medical conditions, disability, social isolation, and limited financial resources [28, 29] . However, referring homebound older adults to specialty mental health services for psychotherapy seldom succeeds due to inaccessibility, shortage of geriatric mental health providers, and cost [30] . Providing in-person psychotherapy is especially expensive for homebound patients, given the costs associated with travel (of clinicians to homes or disabled patients to offices). Despite the high rate of depression among homebound older adults, their mental health needs are largely unmet.
Recent efforts to increase homebound older adults' access to psychosocial interventions focus on integrating mental health provision into existing home-based care offered by aging services and home healthcare settings and/or on taking advantage of technological advances [31••, 32•] . In this paper, we review recent advances in assessment and psychosocial treatment of depression in homebound older adults who are served by the aging services network. For a summary of new developments in home healthcare service settings, please refer to an earlier work by the last author [33] . Following the definition of "homebound" older adults by Medicare [34] , the term homebound adults in this study refers to older individuals who, due to medical conditions and/or mobility-affecting impairments, cannot freely leave their home and who require help in doing so.
Aging Services Settings
The 1965 enactment of the Older Americans Act (OAA) established federal and state agencies to address the social service needs of the aging population. The goal of the OAA was to help older adults (age 60 years and older) maintain maximum independence in their homes and communities and to promote a continuum of care for vulnerable older adults. In successive amendments, the Act created area agencies on aging (AAAs) and a host of service programs. The "aging services network" refers to the agencies, programs, and activities that are sponsored by the OAA [35] . Major services provided by the aging services network include access to services (information and referral, benefits counseling, case management, transportation); nutrition (nutrition counseling and education, congregate meals and home-delivered meals, or "Meals on Wheels"); home-and community-based long-term care (short-term homecare/ housekeeping/personal assistance care, adult day care, family caregiver support); disease prevention and health promotion (immunization, fall prevention, medication management); vulnerable-elder rights program (long-term care ombudsman, elder abuse and neglect prevention, and legal assistance); and services to Native Alaskans, Native Hawaiians, and Native Americans. Current OAA organizations include 56 state units on aging, 629 area agencies on aging, 244 tribal and Native American organizations, and 20,000 local service organizations [36] .
Since a large proportion of homebound older adults are served by aging services network agencies for case management and other social and health service needs, the integration of mental health services into aging services is likely to be a cost-efficient and effective way to serve the mental health needs of these vulnerable older adults. As a reflection of the increasing awareness of the importance of late-life mental health issues, the OAA Amendments of 2006 stipulate funding availability for mental health screening, diagnosis, and treatment as important parts of community-based agencies and strongly encourage OAA-funded agencies to directly provide or purchase mental health services for their clients [37] . Despite this potential funding availability, most aging services network agencies currently do not provide depression care for their clients because they lack staff trained in depression intervention. Most agencies also face barriers to referring their clients out for treatment because of the shortage of mental health professionals who are able and willing to provide in-home treatment. In recent years, however, some pioneering work has been done to integrate depression screening as part of case management assessments in aging services agencies and to provide homebased depression treatment using telehealth delivery, as summarized below.
Tools for Depression Screening of Homebound Older Adults Served by Aging Services
Given the high caseloads of aging service agencies, there is the need to identify the most efficient depression screening tool. The Patient Health Questionnare-9 [38, 39] has been widely used as an effective, efficient depression screening tool for both symptom severity and probable diagnosis in many randomized clinical trials (RCTs) of depression in primary care settings. The PHQ-9 was also successfully used as an assessment tool to identify depression in homebound older adults served by homecare agencies or homedelivered meals programs [7, 9, 10] . In 2010, Medicare required home healthcare agencies to use a revised version of the Outcome Assessment and Information Set (OASIS) that includes a two-item version of the PHQ or PHQ-2 [40] . Medicare also integrated the full PHQ-9 into the revised assessments (MDS 3.0) for nursing home residents in 2011 [41] . Many aging services agencies (e.g., in New York City) have begun augmenting their routine assessment with the PHQ-9 or the PHQ-2 [42] .
A community-academic research partnership in Monroe County, N.Y., evaluated the sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios, and receiver operating characteristic (ROC) curve of the PHQ-2 (score range 0-6), the PHQ-9 (score range 0-27), and the two-step PHQ-2/9 (calculation of PHQ-9 score among only those subjects who screened positive on the PHQ-2 at a cut point of ≥ 2) in a sample of 378 aging services clients [43] . The standard criterion was the Structured Clinical Interview for DSM-IV-TR. When they used a cut score of 3, the sensitivity and specificity of the PHQ-2 were 0.80 and 0.78, respectively. The area under the ROC curve (AUC) for the PHQ-2 was 0.87. When they used a cut score of 10, the sensitivity and specificity of the PHQ-9 were 0.82 and 0.87, respectively, and the AUC was 0.91. The sensitivity and specificity of the two-stage PHQ-2/9 were 0.81 and 0.89, respectively. The findings show that in aging services settings where a false-positive test has high cost implications, the greater specificity of the PHQ-9 makes it more advantageous than the PHQ-2. The PHQ-2/ 9 also appears to be efficient for an agency to administer. The same community-academic research partnership also evaluated the performance of the PHQ-2 and the PHQ-9 for aging services clients with cognitive impairment (≥ 2 errors on the Six-Item Screen) [44•] . The PHQ-2, using a cutoff of 3, had a sensitivity of 0.78 and a specificity of 0.71, and the PHQ-9, using a cutoff of 10, had a sensitivity of 0.89, a specificity of 0.71, and an AUC of 0.85, indicating that the cognitive status needs to be considered when using the PHQ as a depression screener.
Another screening tool for depression (and anxiety) that has shown promise in its use with homebound older adults is the Brief Symptom Inventory-18 (BSI-18) [45] . Investigators evaluated its factor structure, internal consistency, and concurrent validity in a sample of 142 homebound older adults, age 60 years and older, receiving inhome aging services in Florida. With the DSM-IV as the standard criterion, the BSI-18 depression subscale had an AUC of 0.89, a sensitivity of 0.88, and a specificity of 0.62 when using the cut score of T050. The AUC for the threeitem depression scale was 0.88, its sensitivity was 0.88, and its specificity was 0.74 when using a cut score ≥ 3. The ROC analysis of the BSI-18 anxiety subscale yielded an AUC of 0.80 and a sensitivity of 0.88 and a specificity of 0.61 when using a T-score of 49. However, because only homebound older adults who had cognitive ability to consent and had no dementia diagnosis were selected to participate, it is not known if the BSI-18 will be a valid screening tool for those with cognitive impairment.
Treatment of Depression in Homebound Older Adults: Evidence-Based Psychosocial Interventions
In its 2011 publication on treatment of depression in older adults, the Substance Abuse and Mental Health Services Administration (SAMHSA) lists the following psychotherapies as being evidence based: cognitive behavioral therapy; behavioral therapy; problem-solving therapy; interpersonal therapy; reminiscence therapy; and cognitive bibliotherapy [46] . Of these, problem-solving therapy (PST) has a growing evidence base for use with both ambulatory and homebound older adults. Our group recently completed an RCT of telehealth-delivered PST (tele-PST) for homebound older adults and found it to be as effective as in-person PST. Other treatments that have been found efficacious for helping homebound older adults are PATH (problem-adaptation therapy, PEARLS (Program to Encourage Active, Rewarding Lives for Seniors), and Healthy IDEAS (Identifying Depression, Empowering Activities for Seniors). Of these, the latter two (PEARLS and Healthy IDEAS) have been selected (along with the IMPACT program), as evidence-based programs for treating late-life depression by the Centers for Disease Control and Prevention and the National Association of Chronic Disease Directors. They are multi-component, home-based interventions that collaborate with community-based agencies to provide depression screening, outreach, and treatments such as problem-solving skills training and behavioral activation in conjunction with geriatric case management and other aging services [47••] . This section also describes these and other recent developments in depression treatment for homebound older adults.
Problem-Solving Therapy (PST) and Telehealth-Delivered PST (Tele-PST) Problem-solving therapy is a treatment based on the social problem-solving theory of depression, which posits that the relationship between stressors and depression is influenced by the availability of problem-solving skills [48, 49] . People with deficits in problem-solving skills become vulnerable to depression because such deficits lead to ineffective coping attempts under high stress levels. Problem-solving therapy facilitates optimistic orientation toward problem-solving and follows seven steps, including appraisal and evaluation of specific "here-and-now" problems, identification of the best possible solutions, and the practical implementation of those solutions, as well as addressing anhedonia and psychomotor retardation through behavioral activation and increased exposure to pleasant events [50, 51] . The efficacy of PST-PC (i.e., delivery of PST in fast-paced primary care settings), alone or in combination with antidepressant medications, has been supported in multiple RCTs, including the IMPACT study, a multisite RCT of late-life depression treatment in primary care settings [52, 53•, 54, 55 ]. An RCT that tested efficacy of in-home PST (six weekly sessions) for older-adult patients of a home healthcare agency in New York found a significant reduction in their depressive symptoms over a 6-month period [56] .
Given that in-home, in-person PST is unlikely to be sustainable in aging service agencies due to its high cost, our group tested the efficacy of tele-PST, or PST sessions delivered via Skype video call to homebound older adults who were not cognitively impaired. Videoconferenced delivery has several advantages over telephone delivery because its visual contact, through which the therapist can see the client's facial expression and body language, allows most of the benefits of in-person sessions and more effective therapeutic engagement than telephone sessions. Participants (121 low-income homebound older adults), who had moderately severe and severe depressive symptoms (24-item Hamilton Rating Scale for Depression [HAMD] ≥ 15) at baseline, were randomly assigned to six weekly sessions of tele-PST, in-person PST, and telephone care call (attention control). A laptop with Skype function and wireless card was loaned to each tele-PST participant. The follow-up assessments found (1) that tele-PST and inperson PST participants had significantly lower depression scores than telephone care call participants, and (2) that tele-PST and in-person PST participants were not different from each other. Standardized mean difference effect sizes for HAMD score changes were ES sm 00.77 for tele-PST and ES sm 00.70 for in-person PST at 12-week follow-up and ES sm 00.66 for tele-PST and ES sm 00.45 for in-person PST at 24-week follow-up [57•] . Although some participants were initially hesitant to engage in therapy via videoconferencing, almost all tele-PST participants ended up accepting and liking the tele-delivery method. Simple cost analysis showed that tele-delivery cost was lower than in-person delivery cost, including the therapist's travel time and mileage. The acceptability, preliminary efficacy, and cost-saving potential of tele-PST point to its promise as a depression treatment modality for homebound older adults that can be integrated into aging service settings.
Positive outcomes of previous studies of PST with older adults who had mild cognitive impairment (MCI) [53•, 58] present possibilities for using tele-PST with homebound older adults who have MCI, by using longer sessions and an approach that is more therapist-directed and less clientdriven than the protocol for the RCT described above. With the rapid advance of tele-technology, rapid uptake of computer and Internet use among older adults, and potential cost-effectiveness, tele-PST or other telehealth-delivered psychosocial interventions have strong potential for future implementation and long-term sustainability in aging services settings that serve depressed homebound older adults.
Problem-Adaptation Therapy (PATH)
For cognitively impaired homebound older adults, Kiosses and colleagues [59•] developed PATH, a 12-week homedelivered intervention designed to address depression and disability in this group of older adults. The PATH model is grounded in Lawton's ecological model of adaptive functioning [60] , which emphasizes the person's ecosystem, including caregivers and home environment, and uses environmental adaptations to help the person gain a sense of competence within his/her home environment despite various functional and behavioral limitations. In a RCT with 30 patients assigned to either PATH or in-home supportive therapy, the developers found that the PATH group demonstrated a greater decrease in depressive symptoms and disability over the 12-week period than did the in-home supportive therapy group.
Program to Encourage Active, Rewarding Lives for Seniors (PEARLS)
The PEARLS program, a community-integrated, homebased depression treatment, was initially tested in an RCT with 138 older adults, age 60 years and older, receiving services from senior service agencies or living in senior public housing and meeting the DSM-IV minor depression or dysthymia diagnostic criteria [61] . The intervention, consisting of eight PST sessions modified to provide greater emphasis on social and physical activation, was compared to usual care. At 12 months, compared with the usual care group, patients receiving the PEARLS intervention were more likely to have at least a 50 % reduction in depressive symptoms (43 % vs. 15 %; odds ratio [OR], 5.21; 95 % confidence interval [CI], 2.01-13.49), to achieve complete remission from depression (36 % vs. 12 %; OR, 4.96; 95 % CI, 1.79-13.72), and to have greater health-related qualityof-life improvements in functional well-being (p0.001) and emotional well-being (p0.048). The PEARLS program has since been developed and implemented as a depression care management program provided by public and nonprofit aging service agencies and other existing communitybased health and social service providers in several states. According to the PEARLS website (www.pearlsprogram. org), the program uses a team-based approach, involving PEARLS counselors, supervising psychiatrists and medical providers, and in its six to eight in-home sessions, it focuses on teaching clients brief behavioral techniques and skills to empower those who suffer from chronic medical conditions (including epilepsy [62] ) and depression to take action. A recent paper [63•] on perspectives from the PEARLS staff and former clients reported that the community-based agency staff recognized PEARLS as a comprehensive program to help them meet clients' mental health needs. On the other hand, these agency staff also pointed out the barriers to program implementation with respect to rigid eligibility criteria (e.g., not including MDD and other comorbid mental disorders such as schizophrenia) and time needed for two depression screens (11-item Center for Epidemiologic Studies Depression Scale followed by the PHQ-9), especially with the high caseloads of case managers who are expected to refer their clients to PEARLS. The PEARLS program is trying to alleviate these barriers in order to reach a greater number of depressed older adults.
Healthy IDEAS
Healthy IDEAS (http://careforelders.org/default.aspx? menugroup0healthyideas) is a home-based program that integrates depression awareness and management into existing case management services provided to older adults with chronic medical conditions and functional impairments. Its components are routine screening and assessment of depressive symptom severity as part of case management; educating older adults and caregivers about depression and selfcare; linking older adults to primary care and mental health providers and to active assistance in obtaining further treatment; and coaching and supporting older adults to manage their depression through a behavioral activation approach that encourages involvement in meaningful activities.
Through its linking service, which includes appropriate referrals, better communication, and effective partnerships, the program seeks to improve the linkage between community aging service providers (e.g., area agencies on aging) and health care professionals. Since the program started in Houston, Tex., it has been replicated by service providers in several states. Its outcome study found that participants showed reductions in depression severity and self-reported pain, increased knowledge of how to get help for depression, increased activity levels, and knowledge of ways to manage depressive symptoms [64] .
Other Home-Based Depression Intervention Programs
Beat the Blues for Older African Americans (BTB) A randomized trial is now underway for the BTB program, which is designed to reduce depressive symptoms and improve quality of life in 208 African Americans age 55 years and older [65] . . Care managers at a senior center screen for depressive symptoms using the PHQ-9, either by telephone or in person, on two separate occasions over a 2-week period, after which eligible older adults are referred to local mental health resources. The intervention group also receives referral to BTB. A licensed senior center social worker trained in BTB meets with each BTB participant in the participant's home for up to 10 sessions over 4 months for assessments of care needs, referrals/linkages, depression education, learning of stress reduction techniques, and use of behavioral activation to identify goals and steps to achieve the goals. Although the BTB outcomes are not yet available, the BTB is very promising as a home-based depression intervention, especially because it utilizes a neighborhood senior center staff to screen depression and provide interventions. The research team reported the total costs per participant are $585 for 4 months or $146 per month, indicating that it may also be a relatively low-cost program.
Telemonitor-Based Depression Care Management Sheeran and colleagues [66] tested the feasibility, acceptability, and preliminary clinical outcomes of telemonitor-based depression care management for homebound older adults served by homecare service agencies in New York, Vermont, and Miami. The 48 participating older adults, both English-and Spanish-speaking, were already receiving telemonitoring as part of their home healthcare services, and the research team leveraged the existing telemonitor platform to incorporate evidence-based depression care management by programming questions and educational information on depressive symptoms (PHQ-2 administered via telemonitor), antidepressant adherence, and side effects for up to 3 weeks. Questions regarding antidepressant treatment were developed to use the same format that home telemonitors typically use for other disease management. Telehealth homecare nurses were trained as depression care managers, and the training was built on a depression care management protocol developed as part of an academic-practice partnership for in-person home healthcare [67] . The results of this pilot study supported the feasibility and positive clinical outcomes (depression severity) of using homecare's existing telemonitoring technology to deliver depression care management to homebound older adults. Although these findings require rigorous testing in a RCT, they suggest that the delivery model is promising.
Conclusions
Due to their chronic medical conditions and the social isolation caused by mobility impairment, homebound older adults are more vulnerable to depression than their ambulatory peers. However, their homebound state is a barrier to detection and treatment of their depression. Regardless of symptom severity, untreated depression in late life has been found to lead to further impairments in physical and psychosocial function and higher healthcare costs among older adults. The high prevalence rate of depression in homebound older adults is a significant public health problem. This summary of recent trends focused on two approaches to this problem: (1) the growing effort to integrate depression screening into routine case management assessments of aging services agencies that already serve these homebound older adults and (2) effective and efficient psychosocial interventions that also can be provided by the aging services agency staff, or by licensed mental health professionals in partnership with aging service agencies. The integration of depression screening into routine aging service assessment has the potential to maximize reach to this group of older adults suffering from the costly burden of depression along with other medical problems. The evidence base of shortterm psychosocial interventions for late-life depression is expanding, and the AoA and SAMHSA jointly call for the integration of these evidence-based interventions into aging services and for the utilization of technology to improve effectiveness and efficiency. Our review identified a few innovative and promising approaches that have the potential to be integrated into aging services.
In sum, there is a solid accumulated knowledge base regarding the potential effectiveness of the integration of mental health services into aging services settings. However, a remaining challenge is to find effective and efficient strategies not just to disseminate but also to support the uptake, implementation and sustainability of these interventions in routine care of aging service agencies [68, 69] . At the system level, major challenges include the overall geriatric mental health workforce shortage [70] , insurance limitations (e.g., Medicare's restricted payment rules for telemental health delivery) and other uncertainties regarding funding streams, and staff shortage and high caseload in most aging service settings. Along with developing the geriatric mental health workforce, implementation of evidence-based interventions requires dealing with issues related to licensing of interventionists, fidelity monitoring, and financial and other sustainability [71] . Future research needs to identify the most cost-effective, efficient, and sustainable ways to meet the treatment need of depressed homebound older adults.
